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Tuesday, 12-July 2022

Talk # Title Presenter Affiliation Duration Discuss Start End
1 Introduction, Goals of WG#1 J. Ozelis FNAL 0:10 0:02 9:30 9:42

2 Status of HB650 Prototype CM Assembly C. Grimm FNAL 0:30 0:12 9:42 10:24

Break - 10min 0:10 0:00 10:24 10:34

3  Summary of HB650 String Assembly Lessons Learned Meeting J. Ozelis FNAL 0:20 0:10 10:34 11:04

4 Current Non-Conformances and Lessons Learned from CM Assembly V. Roger (rmt) FNAL 0:30 0:15 11:04 11:49

Wednesday, 13-July 2022

Talk # Title Presenter Affiliation Duration Discuss Start End

5 Description of the FNAL Non-Conformance/Discrepancy Reporting Process M. Luedke FNAL 0:15 0:05 8:00 8:20

6 Open Issues with HB650 CM Design - Changes for Production V. Roger (rmt) FNAL 0:30 0:20 8:20 9:10

7 Status of and Open Issues with LB650 CM Design R. Cubizolles CEA 0:45 0:20 9:10 10:15

Break - 15min 0:15 0:00 10:15 10:30

8 Status of CM Assembly Infrastructure at CEA J. Drant CEA 0:30 0:15 10:30 11:15

9 Status of CM Assembly Infrastructure at UKRI M. Pendleton UKRI 0:20 0:10 11:15 11:45

Thursday, 14 July 2022

Talk # Title Presenter Affiliation Duration Discuss Start End
10 Status of CM Development at RRCAT P. Khare RRCAT 0:30 0:15 8:00 8:45

11 Results from transport testing, lessons learned J. Holzbauer FNAL 0:30 0:15 8:45 9:30

12 Open for discussions as requested 2:30 0:00 9:30 12:00

13 WG1 Summary - via Email O. Napoly FNAL 0:00 0:00 12:00 12:00



Charles Grimm, Status of HB650 Prototype CM Assembly
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• Lift String From the Cleanroom Stands
• Disconnect connections of cleanroom stands and back off alignment screws
• Slowly lift until loose from cleanroom stands
• Move stands back into the cleanroom

Phase 1A: Beam Line Assembly
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• Straddle Vacuum Vessel over Rails
• Align and level vacuum vessel over rails to except strongback for 

fitment test
• Vessel resting on eight 6 ton leveling jacks

• Four used for leveling
• Four used for additional stability

Phase 1B: Strongback Fitment and Assembly



• Rails alignment is key for smooth roll-in and roll-out

• PIP-II rails at Fermilab/MP9 are larger the LCLS-II/XFEL and improved greatly the cold mass stability to roll 

angle.

• Alignment of rails, lifting tool, SB, VV : ideally provide enough length for

‘string under lifting tool’ -- ‘strongback’ -- ‘VV’ on rails, or along the rail axis

• Alternatively provide 2 separate workstations: 

• ‘string under lifting tool’ -- ‘strongback’ on rails

• ‘strongback’ -- ‘VV’ on rails, or along the rail axis

• Lifting tool works fine.

• Use pre-manufactured MLI blankets for cavities and 40 K thermal shields.

• Tuner preloading, procedure, customization and assembly tooling is complex, not discussed enough.

• Many collisions between tuners and cavity magnetic shields, to be fixed.

• Strongback and VV alignment (pre-fitment and roll-in) will be facilitated by ‘H-moving supports’.

Key Takeaways / Lessons Learnt / Open Issues

245-Jul-2022 O. Napoly | HB650 CM production | PIP-II Technical Workshop Closeout6



Joe Ozelis, HB650 pCM String Assembly Lessons Learned
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• Prior to start of production string assembly, clean room infrastructure and equipment 

should be properly commissioned as to:

• Cleanliness

• Operability

• Error handling

• Prior to start of production string assembly, assembly tooling should be proven 

operational and global coherence with the working ergonomics should be checked in real 

life (mock-up assembly, operator training, etc.)

• Detailed summary provided in Joe’s presentation, with emphasis on early Quality Control

Key Takeaways / Lessons Learnt / Open Issues: high view
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Vincent Roger, HB650 CM - Design optimization
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C-Brackets & cavity support

10

• The C-Brackets design should be optimized based on CEA design on the LB650 CM.

Better magnetic hygiene & easier assembly process.



LTTS

11

• Thermal intercept may be improved based on CEA design. Better performance – Heat

loads.



• About 30 different items underwent ‘design optimization’, which is pursued very actively, 

while pCM is being assembled.

• The ‘joint Fermilab-CEA design team’ proves quite efficient and beneficial, with many 

crossed inputs with the ongoing SSR2 design activity. ☺☺

• Particular attention in identifying, intercepting and reducing static heat loads.

• Design improvements to the local and global magnetic shields are already underway.

Key Takeaways / Lessons Learnt / Open Issues
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Robin Cubizolles, Status of and Open Issues with LB650 CM Design
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• LB650 pre-production cryomodule design is very advanced, including 

mechanical and thermal calculations.

• Some design aspects are specific to LB650 cavities and ppCM cryomodule.

• Some design features can be transposed on the production HB650 design.

• Constant and high-quality communication between LB650 and HB650 

designers must be maintained for the best advantage of the 650 sector.

Key Takeaways / Lessons Learnt / Open Issues
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Julien Drant, Status of LB650 CM Assembly
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Flange Cleaning Procedure : Robot Assistance

21

• A current R&D project aims at developing the use of robot assistance during flange cleaning 
phases

• All flange/holes cleaning steps could be realized with a robot assistance
• A pre-cleaning step is realized with lint free cloth
• The robot is equipped with Ionized nitrogen blower and a particle counter 
• The cleaning process is carried out until the targeted cleanliness criterion is validated
• Slow implantation in ESS clean room production workflow

Flange cleaning procedure can be used in LB650 clean room assembly workflow with the ESS experience



Assembly tooling

22

Alignment tooling for cavity/coupler connection 

Aluminium

Stainless steel

HDPE

• Some tooling for the assembly steps are designed or in design finalization.
• They are inspired by previous CEA projects (XFEL, ESS,…) and the experience from PIP-II pCM HB650
• Aluminum/Polymers is favored over stainless steel for parts that will be handled regularly or on which the stresses 

remain low



• Assembly work flow is defined in the clean room and assembly hall currently 

operated by CEA for ESS

• Strong CEA effort in tooling definition and optimization, including cobot

• Ideally, the best tooling between CEA and Fermilab designs, should be 

decided and shared with the other partners, with an obvious impact on 

procedures.

• Can we implement that goal, and how ?

Key Takeaways / Lessons Learnt / Open Issues
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Rupul Ghosh, Status of 650MHz Cryomodule Development at RRCAT
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• Very advanced dynamical cooldown simulations

• HTS installed and repaired

• HB650 Infrastructure development is underway in High Bay Area

• Emphasis is on development of Indian industry

Key Takeaways / Lessons Learnt / Open Issues
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Jeremiah Holzbauer, HB650 Dummy Load Transportation Test Results
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• Resonant behavior is likely 

understood and not a concern 

for CM

• Shock behavior is within 

specifications for both tests

• Tightest spec is transverse, 

which has comfortable margin 

even after 4.5 hours of the 

worst freeways we could find 

with no driver restrictions
Peak shock in X, Rear, Trip 1 is a single event <10 ms

To be clear, the level of scrutiny of these tests is extremely 

high, PIP-II must be able to rely on this design and 

validation effort

Shock Performance – Both Road Tests

30 7/25/2022 J. Holzbauer | Transportation and Testing | 650 MHz Status

X 
(transverse)

Y (vertical) Z (longitudinal)

Trip 1 Front 0.93 0.79 0.30

Trip 1 Center 1.13 0.85 0.31

Trip 1 Rear 1.33 0.93 0.38

Trip 2 Front 1.04 0.81 0.32

Trip 2 Center 0.94 0.81 0.35

Trip 3 Rear 1.21 0.74 0.32

Specification <1.50 <2.5 <3.5



• The  transportation plan is going forward (recently passed TRR for dummy 

load)

• Path forward is as follows:

Key Takeaways / Lessons Learnt / Open Issues
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Matt Luedke, Nonconformance / Discrepancy Reporting Process
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• Provides method to easily view snapshot of related traveler DRs.

• Reviewed during weekly meetings with 650MHz prototype cryomodule team.

• Can link in Travelers and DRs for quick edits or updates.

DR Tracker
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• The methodology and electronic software to upload the Travelers and the 

Discrepancy Report from Partners is still to be defined and implemented. 

• It should be based of Sharepoint platforms.

Key Takeaways / Lessons Learnt / Open Issues
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Yi Xie, HB650 vacuum vessel magnetic field

25-Jul-2022 O. Napoly | HB650 CM production | PIP-II Technical Workshop Closeout35



12-14 July 2022 PIP-II 2nd Technical Workshop | WG1 | Yi Xie, HB650 vaccum vessel magnetic field36

Upper equator data inside VV

Location

Lower Equator 

(mG)

Upper Equator 

(mG)

Upper Equator ↑ 6" 

(mG)

Cav 1 0.67 0.71 3.45

Cav 2 1.54 2.03 3.19

Cav 3 4.29 4.11 7.45

Cav 4 2.65 12.2 18.4

Cav 5 0.45 0.27 0.71

Cav 6 1.46 1.65 1.54

|B| (mG)

Measured by flux gates inside VV

Distance from upstream flange (arbitrary unit)  

before demag

Bz along beam 
axis

after demag
with global shield



• Vacuum Vessel demagnetization was successful

• Demag coil: 100 + 96 + 100 turns

• Demag process : measure VV → demag VV →measure VV → install MS →measure VV

• Bz ≈ 1 µT (10 mG)

• Strongback magnetization low enough w/o demag

Key Takeaways / Lessons Learnt / Open Issues
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• Isn’t it a summary already ? 

• Apologies to Mark Pendleton (UKRI) for missing his talk and communicating to late.

Summary
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Thank you


